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BOOSTER CIRCUIT FOR A PRE -DRIVE CIRCUIT OF A BRUSHLESS 
DIRECT CURRENT SINGLE- PHASE MOTOR 

CROSS REFERENCE TO RELATED APPLICATION 

[0001] The present application is related to, and 
claims priority from, Japanese patent application no. 2002- 
342179, filed on November 26, 2002, the contents of which 
are incorporated herein by reference. 

BACKGROUND 

[0002] The present invention relates to a booster 
circuit for a pre-drive circuit of a brushless direct 
, current single-phase motor. The brushless direct current 
single-phase motor is ideal as a fan motor that exhausts 
heat generated within the housing of an electronic 
instrument to the exterior. 

[0003] In a conventional electronic instrument, a 
plurality of electronic components are accommodated in a 
relatively narrow housing as office automation equipment, 
such as personal computers and copiers. The heat generated 
from the electronic components is confined within the 
housing and there is a danger of thermal breakdown of the 
electronic components. 
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[0004] Therefore, vent holes are provided in the 
walls, for example, of the housings of such electronic 
components. An air blower (fan motor) is attached near the 
vent holes to exhaust heat from inside the housing to the 
exterior. 

[0005] It is not uncommon for brushless direct 
current single-phase motors to be used for this type of fan 
motor. The drive circuit of this type of brushless direct 
current single-phase motor will be explained in reference 
to FIG. 4. 

[0006] In FIG. 4, the drive circuit 31 is configured 
with four main switching elements, which are N-channel MOS- 
type power FET (field effect transistors) PF1 to PF4, and a 
diode D31. 

[0007] The four power field effect transistors 
(FETs) PF1 to PF4 (hereinafter, power FET PF1, PF2 , PF3 and 
PF4 are abbreviated as PF1, PF2, PF3 and PF4) are divided 
into two power FET series connectors, that is, a series 
connector resulting from PF1 and PF3 and a series connector 
resulting from PF2 and PF4 . They are respectively 
connected between the power supply + B and the ground 
having polarities as shown in the drawing. Diode D31 is 
connected in the forward direction with respect to the 
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power supply +B between the power supply +B and the two 
series connectors (PF1, PF3 , PF2, PF4) . The coil (motor 
coil) LI that is subject to driving is connected between 
the junction of PF1 and PF3 and the junction of PF2 and 
PF4 . 

[0008] The pre-drive circuit 32 is a circuit that 
receives signals from the motor rotation position detector 
33 and the duty ratio setting instrument 34 in pulse width 
modulation (PWM) . The pre-drive circuit 32 also supplies 
gate signals GS1 to GS4 to PF1 to PF4 according to the 
appropriately set duty ratio. The pre-drive circuit 32 
performs ON/OFF control of the power FETs PF1 to PF4 . 

[0009] The coil LI is provided on the motor stator 
(not shown in the drawing), and connected as shown. 
Current flows from the left end in the drawing to the right 
end or from the right end to the left end at the prescribed 
ON/OFF timing according to PF1 to PF4 . Thus, a dynamic 
magnetic field (rotating magnetic field) is created. 

[0010] A permanent magnet is provided on the motor 
rotor (not shown in the drawing) . The rotor rotates by 
means of the permanent magnet following the dynamic 
magnetic field. 

[0011] The pre-drive circuit 32 is equipped with gate 
circuit portions 32a to 32d that individually output gate 
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signals GS1 to GS4 . In this case, power supply +Vp, 
resulting from direct current power supply +B being boosted 
by a booster circuit 35 is provided to the gate circuit 
portions 32a, 32b that output gate signals GS1 and GS2 to 
PF1 and PF2 . Power supply +Vp is provided to the gate 
circuit portions 32c, 32d that output gate signals GS3 and 
GS4 to PF3 and PF4 without direct current power supply +B 
being boosted. 

[0012] This is such that PF3 and PF4 turn ON if the 
gate (control input terminal) is slightly higher than the 
ground potential since the source is grounded. On the 
other hand, PF1 and PF2 are at the power supply +B side 
flanking coil LI. For this reason, in the normal case in 
which the drive voltage of the coil LI is nearly equal to 
power supply voltage +B [V] , PF1 and PF2 cannot be turned 
ON. This occurs if the power supply +Vp [V] resulting from 
adding the voltage between the gate and the source required 
for turning PF1 and PF2 ON to a voltage greater than the 
power supply voltage, specifically to the power supply 
voltage +B [V], is not provided to the gate. 

[0013] By using the booster circuit 35, it is 
possible to boost the voltage +B [V] of the direct current 
power supply +B to the prescribed voltage +Vp [V] . The 
prescribed voltage +Vp can be provided to the gate circuit 
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portions 32a, 32b. The levels of the gate signals GS1 and 
GS2 of PF1 and PF2 can be changed to a voltage that is 
higher than that of gate signals GS3 and GS4 of PF3 and 
PF4. In addition, PF1 and PF2 ON/OFF control become 
possible . 

[0014] FIG. 5 shows the configuration of a 
conventional booster circuit along with the drive circuit 
31 in FIG. 4. 

[0015] As shown in FIG. 5, the booster circuit 
consists of a charge pump circuit that is equipped with 
diodes D41, D42, capacitors C41, C42 and resistors R41, R42 
having polarities as in the drawing. 

[0016] In the drawing, +Vpl becomes the power supply 
to gate circuit portion 32a of the pre-drive circuit 32 
shown in FIG. 4, and +Vp2 becomes the power supply to gate 
circuit portion 32b of the same pre-drive circuit 32. 

[0017] FIG. 6(a) is a voltage waveform drawing of 
power supply +Vpl in FIG. 5, in other words, of gate signal 
GS1. FIG. 6(b) is a voltage waveform drawing of gate signal 
GS4. 

[0018] The voltage waveforms of the power supply + 
Vp2 (gate signal GS2) and gate signal GS3 are also the same 
as the FIGs. 6(a) and 6(b), with the exception of the 
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phases being different. Note that FIGs. 6(a) and 6(b) give 
examples of the case in which the duty ratio is 100%. 

[0019] Through this type of booster circuit, it 
becomes possible to change the level of gate signal GS1 
(GS2) to a voltage that is higher than that of gate signal 
GS4 (GS3) , and ON/OFF control of PF1 (PF2) becomes 
possible . 

[002 0] However, in the above conventional circuit, 
the power supply +Vpl (+Vp2) is generated by capacitor C41 
and resistor R41 (capacitor C42 and resistor R42) , and gate 
signal GS1 is created using this power supply +Vpl . For 
this reason, the voltage waveform of gate signal GS1 is 
such that rounding occurred during rise or fall compared to 
the squares shown by the dashed line in FIG 6(a), and 
operation of the motor became extremely unstable. 

[0021] Therefore, one solution is to have booster 
circuits that use integrated circuits (ICs) , transformers 
and other elements to obtain a stable high voltage and to 
operate the motor stably. However, these booster circuits 
had problems in that the transformers and the ICs, in 
particular, are expensive. Also, the space occupied by the 
transformer is large and packaging to a small printed 
wiring board that is built into the motor is difficult. 
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SUMMARY OF THE INVENTION 

[0022] In view of the above, a booster circuit for a 
pre-drive circuit of a brushless direct current single- 
phase motor is provided that can be easily packaged into a 
compact and small printed wiring board that is low in cost, 
and that is able to stably operate the motor. 

[0023] The booster circuit for a pre-drive circuit 
may be equipped with a first and second boost control 
switching elements, a first and second capacitor, and first 
and second diodes. The first boost control switching 
element turns ON when a first end side of a motor coil 
reaches a higher electric potential than another end side 
and charges a first capacitor from a direct current power 
supply via a first diode. The second boost control 
switching element turns ON when the another end side of the 
motor coil reaches a higher electric potential than the 
first end side and mutually conducts electricity between 
the terminal on the side of the connection between the 
first boost control switching element and the first 
capacitor and the direct current power supply. This 
increases the electric potential of the side of the 
junction of the first capacitor and the first diode. 

[0024] The second capacitor receives an electric 
charge and is charged from the first capacitor via a second 
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diode when the second boost control switching element is ON 
and is connected between the second diode and the switch 
terminal of the direct current power supply connection side 
of the second boost control switching element. 

[0025] Boost voltage output is obtained from the 
connection path of the second diode and the second 
capacitor. 

[0026] A diode that faces the forward direction with 
respect to the control terminals of the respective boost 
control switching elements and a resistor parallel circuit 
are respectively inserted and connected between the first 
end side of the motor coil and the control terminal of the 
first boost control switching element and between the 
another end side of the motor coil and the control terminal 
of the second boost control switching element. 

[0027] Voltage restricting elements are connected 
between respective control terminals of the first and 
second boost control switching elements and a ground side 
switch terminal . 

[0028] A filter circuit is inserted into the boost 
voltage output path from the connection path between the 
second diode and the second capacitor. 
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[0029] The booster circuit for a pre-drive circuit of 
the present invention provides stable operation of a 
brushless direct current single-phase motor. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] The accompanying figures, in which like 
reference numerals refer to identical or functionally 
similar elements and which together with the detailed 
description below are incorporated in and form part of the 
specification, serve to further illustrate preferred 
embodiments and to explain various principles and 
advantages all in accordance with the present invention. 

[0031] FIG. 1 is a circuit diagram according to a 
first embodiment of the present invention; 

[0032] FIG. 2(a) is a voltage waveform diagram for 
illustrating the operation of gate signal GS1 in the 
circuit diagram of FIG. 1; 

[0033] FIG. 2(b) is a waveform diagram for 
illustrating the operation of gate signal GS4 in the 
circuit diagram of FIG. 1; 

[0034] FIG. 3 is a circuit diagram according to a 
second embodiment of the present invention; 

[0035] FIG. 4 is circuit diagram illustrating a 
conventional pre-drive circuit of a brushless direct 
current single -phase motor; 

[0036] FIG. 5 is a circuit diagram of a conventional 
booster circuit and the drive circuit of Fig. 4; and 
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[0037] FIG. 6(a) is a waveform diagram illustrating 
the gate signal GS1 of the circuit of FIG. 5. 

[0038] FIG. 6(b) is a waveform diagram illustrating 
the gate signal GS4 of the circuit of FIG. 5. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0038] FIG. 1 is a circuit diagram according to a 
first embodiment of the present invention. Throughout this 
description, components identical to or like in structure 
and function to those in FIG. 4 are identified by like 
reference numbers. Further explanation of these like 
components has therefore been omitted. 

[0039] In FIG. 1, a portion 11 that excludes the coil 
(motor coil) LI of the brushless direct current single- 
phase motor and the drive circuit 31 thereof is the booster 
circuit for the pre-drive circuit of the present invention. 
The direct current power supply for circuit operation is 
indicated by +B. 

[0040] Specifically, the booster circuit 11 for a 
pre-drive circuit of the present invention consists of a 
charge pump circuit. The charge pump circuit is configured 
with two NPN-type transistors (boost control switching 
elements) Qll, Q12, three capacitors Cll to C13, four 
diodes Dll to D14, two Zener diodes ZD11, ZD12 and six 
resistors Rll to R16. 

[0041] In this case, transistor Qll is such that the 
base (control element) is connected at the junction of the 
coil LI and PF1 and PF3 of the drive circuit 31 via the 
parallel circuit consisting of diode Dll and resistor Rll, 
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and resistor R12 in that order. In addition, the diode Dll 
faces the forward direction with respect to the polarity 
between the base and emitter of transistor Qll. 

[0042] In addition, a Zener diode ZD11 is connected 
between the base and emitter of transistor Qll. The Zener 
diode ZD11 has a polarity opposite than the polarity 
between the base and emitter of transistor Qll. 

[0043] Moreover, in addition to the collector (power 
supply side switch terminal) of transistor Qll being 
directly connected to +B power supply line +BL, the 
collector is also connected to +B power supply line +BL via 
capacitor Cll, diode D12 and diode D13 in that order. As 
shown in FIG. 1, diode D13, diode D12 and capacitor Cll are 
connected so that they face forward with respect to the 
polarity between the collector and emitter of transistor 
Qll. 

[0044] In addition, the positive electrode of a 
capacitor C12 is connected between the junction of diodes 
D13 and D12 and the emitter of transistor Qll. 

[0045] The transistor Q12 is such that the base 
(control element) is connected at the junction of the coil 
LI and PF2 and PF4 of the drive circuit 31 via the parallel 
circuit consisting of diode D14 and resistor R13, and 
resistor R14, in that order. The emitter of transistor Q12 
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is grounded. In this case, the diode D14 faces the forward 
direction with respect to the polarity between the base and 
emitter of transistor Q12. 

[0046] In addition, a Zener diode ZD12 is connected 
between the base and emitter of transistor Q12 . The Zener 
diode ZD12 has a polarity opposite to the polarity between 
the base and emitter of transistor Q12 . 

[0047] Moreover, the collector (power supply side 
switch terminal) of transistor Q12 is directly connected to 
the emitter (the negative pole of the capacitor C12) of 
transistor Qll . 

[0048] The output voltage, specifically boost voltage 
+Vp [V] , of this type of booster circuit 11 is conducted to 
the output end OUT from the junction of the diode D12 and 
capacitor Cll via a filter RCF . The filter RCF here is 
configured by the junction of the diode D12 and capacitor 
Cll, the parallel circuit of resistors R15 and R16 inserted 
between this junction, and the output end OUT, and the 
capacitor C13 connected between the junction of the output 
end OUT side of this parallel circuit and the ground. 

[0049] The operation of the booster circuit will be 
explained next . 

[0050] When PF1 and PF4 turn OFF, PF2 and PF3 turn 
ON, transistor Qll turns OFF, and transistor Q12 turns ON 
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(conduction between the collector and emitter) . When 
transistor Q12 turns ON, the current from the +B power 
supply passes through diode D13 to charge capacitor C12 . 
The voltage between both ends of capacitor C12 at this time 
is nearly the +B power supply voltage, which can be 
considered Vpl [V] . Note that, at this time, the electric 
potential of the negative pole side of capacitor C12 is the 
ground electric potential (approximately OV) , since the 
resistance between the collector and the emitter of 
transistor Q12 is extremely small. 

[0051] Next, when PF1 and PF4 turn ON, PF2 and PF3 
turn OFF, transistor Qll turns ON (conduction between the 
collector and emitter), and transistor Q12 turns OFF. When 
the transistor Qll turns ON, the electric potential of the 
negative pole of the capacitor C12 becomes nearly +Vpl, 
since the resistance between the collector and the emitter 
of the transistor Qll is extremely small. The electric 
potential of the positive pole side of capacitor C12 
becomes 2x(+Vpl). At this time, due to the fact that the 
electric potential of the positive pole side of capacitor 
Cll does not reach 2x(+Vpl), and diodes D13 and D12 have a 
reverse current prevention function, capacitor C12 begins 
to charge capacitor Cll. 
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[0052] In conjunction with the charging of capacitor 
Cll, the electric potential of the positive pole side of 
capacitor C12 attempts to drop. The electric potential of 
the positive pole side of capacitor Cll attempts to drop in 
conjunction with subsequent supply of the +Vp power supply. 
However, during that time, the OFF/ON of PF1 and PF4 
(ON/OFF of PF2 and PF3), that is, the OFF/ON of transistor 
Qll (ON/OFF transistor Q12) , is repeated. Charging of both 
capacitors C12, Cll is performed instantaneously so the 
electric potential of the positive pole side of capacitor 
Cll is maintained at 2x(+Vpl). 

[0053] Specifically, the junction of diode D12 and 
capacitor Cll is held constant at 2x(+Vpl), and a 
continuous stable output voltage (boost voltage) +Vp 
(2x(+Vpl)) is output as a +Vp power supply from the output 
end OUT. This +Vp power supply is supplied as the common 
direct current power supply for operation to gate circuit 
portions 32a and 32b of the pre-drive circuit 32 in FIG. 4. 

[0054] FIG. 2(a) is a voltage waveform drawing of 
gate signal GS1 in FIG. 1. FIG. 2(b) is a voltage waveform 
drawing of gate signal GS4 . The voltage waveforms of gate 
signal GS2 and gate signal GS3 are also the same as in 
FIGs. 2(a) and 2(b) with the exception of the phase 



16 



MINB-02013 

differing. Note that FIGs. 2(a) and 2(b) present examples 
of the case in which the duty ratio is 100%. 

[0055] As shown in the drawing, gate signal GS1 (GS2) 
is such that is possible to change the level until the 
voltage is higher than that of gate signal GS4 (GS3) , and 
PF1 (PF2) ON/OFF control becomes possible. Moreover, since 
a continuous stable output voltage (boost voltage) +Vp [V] 
is output as the Vp power supply, operation of the motor is 
extremely stable without rounding occurring in the voltage 
waveform of gate signal GS1 (GS2) during rise and fall. 

[0056] In addition, costs are not high and the space 
occupied is not large as in conventional circuits that use 
integrated circuits (ICs) and transformers. Packaging for 
a compact printed wiring board that is built into the motor 
can be performed easily by pursuing lower cost measures. 

[0057] Referring back to FIG. 1, the parallel circuit 
of diode Dll and resistor Rll and the parallel circuit of 
diode D14 and resistor R13 are such that the time of the 
ON/OFF of transistors Qll and Q12 are finely adjusted so 
that the ON durations and OFF durations of transistors Qll 
and Q12 do not overlap. Specifically, diode Dll speeds up 
the OFF time with respect to transistor Qll, and resistor 
Rll delays the ON time. In addition, diode D14 speeds up 
the OFF time with respect to transistor Q12, and resistor 
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R13 delays the ON time. As a result, it is possible to 
guard against the malfunction of transistors Qll and Q12 . 

[0058] In addition, when a high voltage surge, or the 
like is input to the base of transistor Qll and the base of 
transistor Q12, Zener diodes ZD11 and ZD12 absorb (voltage 
restriction) the surge and protect transistors Qll and Q12 . 

[0059] Moreover, the filter RCF absorbs (removes) 
noise that is included in the boost voltage output. 

[0060] FIG. 3 is a circuit diagram according to a 
second embodiment of the present invention. 

[0061] In this drawing, explaining portions that are 
identical to or correspond to those in FIG. 1 will be 
explained using the same codes, in this embodiment, the RC 
filter circuit RCF has been omitted from the circuit shown 
in FIG. 1. 

[0062] When the noise that is included in the boost 
voltage output from the junction of diode D12 and capacitor 
Cll in the drawing is low, the RC filter circuit RCF in 
FIG. 1 may be omitted. 

[0063] In the above embodiment, an N- channel MOS-type 
power FET was used in the main switching terminal, but it 
is not limited thereto, for example, a power transistor 
that connects the diodes back-to-back between the collector 
and emitter may be used. 
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[0064] In addition, an NPN-type transistor was used 
in the boost control switching element, but an element that 
has other switching functions may also be used. 

[0065] As should now be appreciated, the above 
discussed booster circuit of a pre-drive circuit is formed 
using two main boost control switching elements having a 
respective Zener diode connected thereto to absorb 
(restrict voltage) the surge and protect the transistors 
that serve as the switching elements. Also, a diode- 
capacitor pair is provided for each switching element for 
reverse current protection. Further, a parallel circuit 
having a diode and two resistors is connected between each 
switching element and a junction of the motor coil and a 
series connection of a power FET pair. The boost voltage 
may be conducted through an optional RCF filter. 

[0066] This disclosure is intended to explain how to 
fashion and use various embodiments in accordance with the 
invention rather than to limit the true, intended, and fair 
scope and spirit thereof. The foregoing description is not 
intended to be exhaustive or to limit the invention to the 
precise form disclosed. Modifications or variations are 
possible in light of the above teachings. The 
embodiment (s) was chosen and described to provide the best 
illustration of the principles of the invention and its 
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practical application, and to enable one of ordinary skill 
in the art to utilize the invention in various embodiments 
and with various modifications as are suited to the 
particular use contemplated. All such modifications and 
variations are within the scope of the invention as 
determined by the appended claims, as may be amended during 
the pendency of this application for patent, and all 
equivalents thereof, when interpreted in accordance with 
the breadth to which they are fairly, legally, and 
equitably entitled. 
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